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ABSTRACT 

There is an increasing number of elderly patients 
with glomerulonephritis. A number of reports re- 
garding renal function [1-9] and morphology [10-13] 
in aged people have been published. However, few 
studies have been reported on the effect of glomeru- 
Ionephritis on the kidneys of aged patients. Re- 
cently, some articles concerning renal function and 
histological changes in aged nephritic patients were 
reported [14]. Several reports about the effects of 
aging in an experimental kidney disease model [15- 
23] and on cultured renal ceils [22, 24, 25] have been 
published. This review will focus mainly on the 
mechanisms of the decrease in renal function and 
morphological changes with aging. 

Changes in Renal Function with Aging 

Changes in Glomerular Filtration Rate (GFR) and 
Renal Plasma Flow (RPF) with Aging 

Several studies have been reported showing an age- 
related decline in renal function after age 30-40 years 
[1]. Rowe et al. reported the results from the Baltimore 
Longitudinal Study on Aging, which demonstrated an 
age-related decline in creatinine clearance (Ccr) in 
normal subjects who were followed over a 10-year 
period [2]. Mean Ccr decreased from 140 mL/min/1.73 
m 2 at age 25-34 y to 97 mL/min/1.73 m 2 at age 75-84 y. 
A subsequent report from this longitudinal study indi- 
cates that Ccr declines at an annual rate of approxi- 
mately 0.87 mL/min/1.73 m 2 [3]. However, one third of 
the subjects had no decrease in Ccr. Recently, Fliser et 
al. [4-6] showed that in healthy elderly, GFR (by insulin 
clearance), although lower than in younger individuals, 
is mostly within the normal range. 

The effective renal plasma flow (ERPF), estimated by 
measuring p-aminohippuric acid (PAH) clearance, was 
shown to decrease from a mean of 649 mL/min during 
fourth decade to a mean of 289 mL/min during the ninth 
decade [7]. ERPF is reduced more than GFR [4]. Then, 
filtration fraction (FF) is increased [5]. The decrease in 
RPF with aging is due to either intraluminal vascular 
pathology or an increased renal vascular resistance 
caused by vasoconstriction [1]. 
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Changes in Concentrating and Diluting Ability 

A decrease in concentrating ability with age is well 
documented. Analysis of the Baltimore Longitudinal 
Study on Aging revealed that twelve hours of water 
deprivation increased mean urine osmolality to 1,109 
mosm/kg H20 in young subjects, 1,051 mosm/kg H20 in 
middle-aged subjects, and 882 mosm/kg H20 in old 
subjects [8]. Maximum diluting ability, as measured by 
minimum urine osmolality achieved with water loading, 
also decreased with age [9]. 

Morphological Change in Kidneys with Aging 

The incidence of sclerotic glomeruli increases with ad- 
vancing age, from less than 5% of the total glomeruli at 
age 40 to 10-30 % of the total by the eighth decade [10]. 
Kasiske reported a direct correlation between the num- 
ber of sclerotic glomeruli and the severity of atheroscle- 
rosis [11]. It has been suggested that age-associated 
glomerulosclerosis is mainly due to ischemic obsoles- 
cence of glomeruli. The course of this ischemic obsoles- 
cence of glomeruli has been provided by several inves- 
tigators [12-13]. Progressive collapse of the glomerular 
tuft occurs with wrinkling of the basement membrane. 
This is followed by simplification and reduction in the 
vascular channels. Deposition of hyaline occurs in both 
the residual glomerular tuft and the space of Bowman's 
capsule, leading to the rapid disappearance of identifi- 
able structures. The obsolescent glomerulus may be 
reabsorbed and disappear entirely. 

Age-Related Changes in the Kidneys of Patients 
with Glomerulonephritis 

The effect of aging on renal functions and morphology in 
healthy subjects are well documented, as mentioned 
above. However, little is known about the effects of 
aging on the kidneys of patients with glomerulonephritis. 
Suzuki and Arakawa reported the renal function and 
histological changes in 962 patients with mild mesangial 
proliferative glomerulonephritis (MesPGN), whose age 
ranged from 7 to 82 years old. GFR and RPF were 
significantly lower in nephritic patients than in normal 
subjects [14]. Age-related decreases of GFR, RPF, and 
maximal urine specific gravity, measured by Fishberg 
concentration test, were found in both groups. Serum 
levels of creatinine, urea nitrogen, and uric acid were 
significantly higher in nephritic patients than in the 
normal population. Age-related increases of those 
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parameters were found in both groups. Although the 
incidence of sclerotic glomeruli was almost same as that 
of the normal population, the incidence of athero-arteriolo- 
sclerosis was higher than that of normal subjects. Thus, 
athero-arteriolosclerosis seems to be more age-depen- 
dent than glomerulosclerosis in patients with mild 
MesPGN. 

Mechanisms of the Decrease in Renal Function 
or Morphological Changes with Aging 

Aging Effects on Mesangial Cell Functions 

Changes in the Proliferation of Mesangial Cerl 

Mesangial cell proliferation is a common manifestation 
in various types of glomerular disease and is considered 
to play a key role in the pathogenesis of glomerular 
sclerosis. Several studies have suggested a link be- 
tween glomerular hypercellularity and increases in the 
extracellular matrix (ECM) [26]. However, little is known 
about mesangial cell proliferation in aged patients with 
renal disease. It is difficult to investigate the aging effect 
on pure mesangial cell proliferation in patients with renal 
disease because of the influence of other aging events 
such as atherosclerosis. Recently, several animal ex- 
periments assessing the aging effect on the proliferation 
of mesangial cell have been reported. 

Pugliese et al. investigated the proliferative function of 
cultured mesangial cells from rats of the Milan normo- 
tensive strain (MNS) and the Milan hypertensive strain 
(MHS) [24]. MNS rats and MHS rats are genetically 
related, but spontaneous glomerulosclerosis occurs in 
MNS and not in MHS rats. Fetal bovine serum-stimu- 
lated cell growth rate in mesangial cells from MNS rats 
was increased with aging. However, the cell growth rate 
of mesangial cells from MHS rats decreased with aging. 
The investigators concluded that the age-associated 
decline in the proliferative activity of mesangial cells 
from MHS animals could actually reflect a normal pro- 
cess of cell aging, which may offer protection from the 
occurrence of glomerulosclerosis. Age-dependent 
hyperresponsiveness of mesangial cells to growth stimuli 
in MNS rats may facilitate the development of glomeru- 
Iosclerosis. 

GTomerular ceil proliferative function in Fischer 344 
rats, which display focal and diffuse glomerulosclerosis 
with aging, has also been reported [15]. Proteinuria, 
glomerular basement membrane widths, and fractional 
mesangial volumes were found to increase with aging. 
Glomerular proliferating cell nuclear antigen (PCNA) 
staining remained positive at old age (24 months). Also, 
primary cultured mesangial cells from different age 
groups were studied in parallel. Cultured mesangial cell 
Ca++ signaling and contraction to vasopressin were 
unchanged with aging. The researchers concluded that 
continued growth is associated with the glomeruloscle- 
rosis of aging. 

The proportion of cells in various phases of the cell 
cycle from the kidneys of young (5 mo) and old (20 mo) 
Fischer 344 rats was investigated using flow cytometry 

[25]. The percentage of S-phase cells in the kidney 
decreased in old rats when compared with young rats, 
regardless of treatment conditions, indicating a parallel 
decline in cell proliferating activity with aging. 

Male Munich-Wistar rats (MWF/Ztm) spontaneously 
develop proteinuria and glomerulosclerosis with aging 
[16]. Morphometric analysis showed an important in- 
crease in glomerular volume with aging. This glomerular 
tuft enlargement was the result of an increase in the 
number of glomerular cells and a concomitant increase 
in cell volume, suggesting that glomerular cell growth is 
related to age-dependent glomerulosclerosis. 

We investigated the effect of aging on mesangial cell 
proliferation using a mesangioproliferative nephritis 
model of anti-Thy 1 nephritis [unpublished data]. Brown 
Norway/Fisher 344 F1 hybrid rats (BN/F344 rat ) were 
used as an experimental animal model to investigate the 
effects of aging on renal morphology and mesangial cell 
function in experimental glomerulonephritis. The BN/ 
F344 strain is considered to be an appropriate model for 
this study because of its resistance to spontaneous 
glomerulosclerosis. In this model, a single injection of 
anti-Thy 1 antibody results in rapid, complement-depen- 
dent loss of mesangial cells with disruption of the 
mesangial matrix ("mesangiolysis") [27, 28]. The early 
mesangiolysis at day 1-2 is followed by marked mesangial 
cell proliferation at day 4, becoming prominent at 1-2 
weeks. Mesangiat cell proliferation in this model is 
stimulated by growth factors from infiltrated monocyte/ 
macrophages after the injury of mesangial cells. Our 
data showed that mesangial cell proliferation in aged 
rats was not as prominent as in young rats at day 6. The 
glomerular cell number in aged rats at day 2 decreased 
to same extent as in young rats. This observation 
suggests that mesangial cell proliferation in old rats was 
suppressed even though mesangial cells were injured to 
almost the same extent in young and old rats at an early 
period. The suppression of mesangial cell proliferation 
is possibly due to the deterioration of the proliferative 
ability of mesangial ceils in old rats. Decreased mesangial 
cell proliferative response in aged BN/F344 rats may 
contribute to this strain's resistance to glomerulosclero- 
sis. It has been suggested that other rat strains such as 
the MNS may show increased mesangiai cell prolifera- 
tion in anti-Thy-1 nephritis with age. 

Changes of Mesangial Matrix 

Age-related changes in glomerular volume and hydrox- 
yproline content in rats and humans were investigated 
[17]. Rat glomerular size increased seven-fold between 
5 week and 2 years of age. When 4-hydroxyproline 
contents were expressed as weight of basement mem- 
brane/mesangial matrix material, it was found that base- 
ment membrane/mesangial matrix material content per 
glomerulus markedly increased with age (12-fold). How- 
ever, when expressed per unit volume, this change was 
greatly reduced (2-fold). Therefore, a greater glomeru- 
lar size, in itself, does not accelerate the rate of base- 
ment membrane/mesangial matrix material deposition. 
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Kidney Disease in Aging 

Human glomeruli increased seven-fold in size from 
infancy to adulthood and then decreased during senes- 
cence. Basement membrane/mesangial matrix mate- 
rial content varies little from infancy to senescence if 
expressed per unit of glomerular volume. 

Ueda et al. investigated the age-related changes in 
the anionic sites of the mesangial matrix in rats, employ- 
ing polyethyleneimine (PEI) as a cationic probe [18]. 
They compared the numbers of anionic sites detected by 
the immersion method and by intravenous administra- 
tion of PEI. The number of PEI particles in the mesangial 
matrix significantly decreased with aging in both meth- 
ods. Loss of negative charge in the mesangial matrix is 
believed to promote mesangial dysfunction and the 
entrapment of macromolecular substances, suggesting 
an important role in the onset of glomerular sclerosis. 
However, Duan et al. reported that glomerular anionic 
sites were not significantly altered in aged ddY mice [19]. 
Progressive increase in glomerular extracellular matri- 
ces, including thickening of the glomerular basement 
membrane (GBM), formation of GBM nodules, and 
mesangial matrix increase, was considered to be the 
primary age-related ultrastructural change in aging mice. 

The relationship of age-related changes in renal func- 
tion and structure to changes in glomerular proteinase 
activities was reported by Schaefer et al. [20]. GFR 
declined significantly in aged Wistar rats while albumin- 
uria increased almost 10-fold. The glomerular protein to 
DNA ratio increased by almost 70%, suggesting deposi- 
tion of mesangial matrix within the glomerulus. These 
structural changes were associated with reduction in 
glomerular cysteine proteinase and metalloproteinase 
activities in the adolescent and older animals. These 
alterations of proteolytic enzyme activities in the aged rat 
kidney correspond well with the enhanced deposition of 
glomerular matrix. This study suggested a causal in- 
volvement of renal cysteine proteinase and metallo- 
proteinase in the protein accumulation of the aged rat 
kidney. 

Aging Effect on Interstitial Fibrosis 

Peleg et al. reported that cortex and outer medulla of 
kidneys of old rats expressed significantly higher per- 
centage of the mRNA for type I collagen, the major 
structural constituent of fibrotic tissues, compared to the 
respective regions in the young rat kidneys [21]. Their 
study also indicated a close relationship between the 
expression of the mRNA for type I collagen and the 
deposition of collagen in both the cortex and outer 
medulla of the kidney. These findings might explain 
some of the kidney impairments caused by fibrosis 
during senescence. 

Reactive Oxygen Species (ROS) Mechanism 
for Kidney Injury in Aging 

The importance of the oxidant/antioxidant balance in the 
process of age-related glomerular sclerosis (GS) was 
reported by Ruiz-Torres et al. [22]. Old Fisher 344 rats 
showed increased urinary protein excretion and aug- 
mented protein glomerular content, an indirect index of 

GS. Isolated glomeruli from these rats produced el- 
evated amounts of superoxide anion and hydrogen 
peroxide, and catalase activity was also increased. The 
glomerular thiobarbituric acid-reactive substances 
(TBARS) content was higher in old rats than in young 
rats. Similar results were also obtained in cultured 
mesangial cells. 

Another Mechanism for Kidney Injury in Aging 

The effects of aging and dietary protein on the L- 
arginine-nitric oxide (NO) pathway and the progress of 
chronic nephropathy in Fischer 344 rats were examined 
[23]. Old rats fed a 23% protein diet showed highly 
progressive nephropathy and decreased urinary excre- 
tion of nitrite/nitrate (NOx), suggesting that an age- 
related decrease in the synthesis of NO could be asso- 
ciated with the progress of chronic nephropathy. 

CONCLUSIONS 

Mesangial cell dysfunction, such as continuous cell 
growth or formation of excess mesangial matrix, is 
considered to be the key factor in the progress of 
glomerular sclerosis with aging in some experimental rat 
models. However, patients with mild MesPGN did not 
show increased sclerotic glomeruli but did exhibit a 
greater incidence of athero-arteriosclerotic lesions com- 
pared with the normal population [14]. Furthermore, in 
healthy elderly with fewer athero-arteriosclerotic lesions, 
GFR has been shown to be mostly within normal range 
[4-6]. From these observations, it has been suggested 
that the formation of glomerulosclerosis is not acceler- 
ated with aging in humans. Accumulation of detailed 
analysis of re-biopsy specimens at young and old age 
will be useful to confirm this hypothesis. 
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